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Abstract: The purpose of this study is to discover a correlation of determinant factors for
'naturalness' judgement of the English language. Phonetic specimens produced by Japanese
people are experi町lentally measured aod statisticallyanalyzed on 檎ｅ three major prosodic
parameters ―duration, pitch and intensity― to reveal that 1) theグnative-like'speakeΓS,･as
ｗ叫as the native speakers of the language, showed greater compression十effects ;犬2)
narrow pitch range is one of the factors of‘unnaturalness' ；　3)intensity least contributes
to the degree ｏｆイnaturalness'. It can be concluded that all judgements of the three
prosodic features in natural speech depend on the complicated interaction Ｑ卜ａnumber of
factors.　　　　　　　　　　　　　　　　　　　　　　　　十　ト　　　　　　　　　犬
Key word: prosodic features, psychological isochrony, F0 ｡　　　　　－　　　　　‥‥‥‥
0｡Introduction大士　　　　　　尚　　　　　　　　　　　　こ　し　　　　　　　　犬　　　　　‥‥‥‥‥
　　　コLinguistic sounds are said to be multi-dimensionally perceived in the phonologica! system of ａ
language.トExposed to varieties of different sounds, a native speaker of a language is to make an
appropriate distinction between meaningful and meaningless sounds in that∧language.　In other
words, s/he is able to hear whether each sound uttered should be classified‘natural' to the language
or not when the utterance contains any ‘foreignness', either qua!itative or quantitative, at any
phonetic level. What s/he hears iSしevidently composite realizations･of physical functors, somか･（jf
which are accepted into the phonological system of his/her］language as such, while the other･ｓａμ
unconsciously ignored･and discarded as‘noise'. Wねat are the physical functors that enable ａ･native･
speaker to discriminate and incorporate the selected naturalトmembers into his/her system ？　And
how do those functors multi-dimensionally correlate with each other ？　The purpose of this study 1S
to discover ａ correlation of determinant factors for‘naturalness' judgement of a given languagとe,so
that certain essentiaトand universal‘naturalness' of linguistic sounds may be objectively ob‘servedon
the phonetic level. Specifically,English sounds, uttered by Japanese people and eva!uated by the
native speakers of American: English, are eχperimentally measured and statistica!lyanalyzed, so as
to reveal some relative correlation of prosodic parameters of the language･　　∧
??????
Aspects of a Language　　　　　　　　　　　　　　＞　∧　＜　　　　　　　　　ぺ　　　．　　　　フ
Segmental versus Suprasegmental　　　　　　　　　　　　　　　　　　ニ ＝　　　上ト　　　‥　上　　＝
べA'^hatlyrics and melodies are to music, segmentsしand suprasむgments are to spoken languages.
These two highest hierarchical levels of speech sounds, together with hierarchically lower phonetic
levels of each aspect, are responsible for acceptability as the language. It may well be said that a
la昭uage cannot exist as ａ language without mutuaトreflections and correlations between the two.
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　　　　The segmental　and　suprasegmentalｽcomponents　arし　the　two　comprising　units　of　the
hierarchically highest tier directly under ‘speech soundsしＴｈｅしsegmむntal units are the string of
vowel and consonant sounds uttered in sequence, forming the words and sentences of the spoken
languages, whereas the suprasegmental units are the features of prominence and transition added t6
the string of ｖｏｗ出 and consonants,十to facilitatethe interpretation of spoken language!. In the
English language, the patternsﾄof prominenレand non-prominent syllables produce ａ particular
rhythmical effect, and t吊S pattern is said to be the backbone of intonation.
　ダ　A series of precedent･ studies , conducted on dete･rmining which of the two would make a
greater contribution for ａ languageしto be perceived as more native-like,shows that suprasegmental,
０ｒnamely prosodic features, rather than segmental ０ｎ卵are far more important in judging how
native-likむthe speech is. The suprasegmental features are, according to Lehiste(1970), defined to be
features whose arrangement in contrastive patterns in the time dimension are not restricted to single
segments defined by their phonetic qualities^.　ト コ　　　　　　　　　　　　　　　　　　　ト
1.2　Prosodic Features of English　　　　ト
　　　　The prosody of continuous speech 皿ｎ be analyzed and described in terms of the variation of
佃Ch prosodic features as length, pitch, loudness, tempo, pause, etc. which are perceived features.
Length, pitch, and loudness aｒしsaid to be the most important of the｡ prosodicよfeatures of English.
Pitch concerns the varying height of the pitch of the voice over one syllable or over ａ number of
successive syllables ；length concerns the relative durations of ａ number of syllables or the duration
of ａ given syllable in one environment relative to the duration of the same syllable in another
environment ；loudness concerns changes of loudness within one syllable or the relative loudness of a
number of successive syllables^. These three features together are the ･components of prominence,
０ｒstress, in the language. j　　　　　　　　　　　犬　　　　　　　　十　　　　　　　　　：
　　　　Precedent experimental studies have led to different definitions of stress in perception. More
than half a century ago, Bloom丘eld(1933) remarks on the importance of loudness by saying that
stress is 皿oduced ｗ･hen one syllable is uttered louder than the other ｏｒ上othersレFry(1955, 1958),
however, finds that pitch is more important than intensity and duration, although both duration and
intensity ratios are important for the judgement of stress, and concludes that the higher the pitch,
the greater一一the perception 0f ･stressり．　　　　　　　　　．Ｉ　　∇　　十　ト　　　　　　　　　　　十　　　･･
1.3　Isochrony in English　　　　　　　　　　　　　　　　　　　　犬　　　　　　　　　　　　　　，I　　　ト
　　　　According to the differences in their rhythmicト units, languages have been traditionally
classified几nto three different types : stress-timed, syllable-timed and mora-timed'^. In the case of
stress-timed languages, one of which is English, the intervぼ1 betwむen strong stresses, generally called
a‘foot',is said to h収ｅ an equal d･uration regardless of the number of syllables contained in the
interval, while syllable- or mora-timed languages, the latter to which Japanese belongs, keep equal
duration of syllable or mora. This distinction of timing units puts the two !anguages, English and
Japanese, into fundamentally different rhythmic categories. This rhythmic categorization, based on
durational characteristics, presumes the nature 6f isochrony in the 耳nglish language, which has long
been disputed by ａ number of linguists . 1t has been discovered through experimental examinations
that each foot in English, which carries a different number of syllables and yet is supposed to keep
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an equal duration, does not have the same physical length ofヶtime at all, but the duration of t恥
intervals is naturally prolonged as the number of syllables contained increaはeS9ン
　　ニ　Lehistむ(1970) supports the ･existence of‘isochrony' in English,しalthough she admits that there
is no such thing as ‘absolute isochrony'.　The basis of her assertion ，iSしａphenome叩n called
‘Compression Effect', which implies a tendency toward shortening the･ｕｎ斗ressed vowe!s, and even
the stressed vowels, in a foot as the number of syllables contained increases, so that isochrony can
be preserved.　レ　　　　　　　一一　　　　∧　　　　　　　　ｊ　　　　　　　　し　　･●･ ・・　　　　　　‥‥‥‥
　＼　・ What is intriguing is that listeners perceive each foot as ・isochronous ･evenしth･ough the
physical durations of actual utterances may be different ； th耐 is, there is physical dissonance
between productive and perceptive compositions. If this is the case, the conceptionﾚof isochrony
may be something psychological, or rather merely theoretical, which follows that there must be some
other norm for a listener to perceive ‘isochrony'.　珀 other words, there must exist certainくcues
within the sound signal by which the listener can discriminate the rhythm. It would be, therefore,
naturally assumed that the norms in their senses inevitably, and mutually, affect each other尚in
producing and perceiving languages of different rhythm categories, and some parameters, other than
‘time' 6ｒ‘duration', must be introduced in the process so that the barometer of‘naturalness' 6f a
language as ａ whole may be finally determined. This would be the reason why synthesized Spむｅむh
sounds somewhat ‘unnatural', if physically equal durations are preserved . The case proves that
some other parameters make greater contribution to‘naturalness' of languages, 卸d it is left to be
discovered what exactly these parameters are that make them sound or heard more like what they
are.
1｡4　P-Center (Perceptual Center)　コ　　　'　　　　　　＞　　ト　犬　一　　上
　　　　Although a sequence of digits may be produced by a human ･speaker such that they are
perceived as isochronous, they are perceived as ｡occurring irregularly,しiftokens of each naturally
spoken digit are presented with isochronous acoustic onsets. Morton, Marcus, and Frankish(1976)
first introduced ‘P-center' and defined it as ａ neutral term to describe what 沁 regular in a
perceptually regular sequence of speech sounds. Ever since the term was introduced, researchers
have been making attempts to spot theｲpsychologicaトnor皿' in perception, using different acoustic
parametersレ　　　　　　　　　　＼　　　　　　　　　　　　　上　　　犬　　　　犬　　　　　　　　　　＼
　　　　Marcus(1981) has shown that P-center location is affected by both initialconsonant duration
and ･subsequent vowel and consonant duration, althoﾘgh he S･uggests that there･iS･ littlevalue in
attempting to determine any single acoustic or articulatory correlate of P-center location, ０ｒin
atten!pting to define P-center location absolutely in time.　Howell(1988a,ト1988b), on the contrary,
suggests that the ａｍ:plitude nvelope of a syllable significantlyaffects a subject's judgements of its P-
center location. His experimental findings say that if the energy tendsトt０occur early in a syllable,
its P-center will be nearer the start of the syllable,]and conversely, if the energy tends to occur late
ｉｎﾕa syllable√its P-center will be nearer the end 乱 the syllable.犬Other researchers are now
attempting to find acoustic determinants of P-むenter〉location in the combi!lations of different
parameters, and thus speech production and perception have to be treated and examinedコ鋤the
realityﾚof its dynamic form. I　　　　　　　　　　＼　犬　　　∧　　　　　　　　　　　　　　　　＞　∧　：
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2.0　Eχperiments　　　　　　し　　　　，　　　　　　　　　　　　＼　　　　　　　　　　　　＼／
2.１　Recordings　　＼し　　　　　　　　Ｊ　　　　　犬　□　　　　　　　　　　　　　　　　　犬
　　　　Ａ total of ten native speakers of Japanese, eight females and two males, serve as subjects
(Subject A～J). Theﾀﾞstay of the subjects in English-speaking countries range from ｚむro to twenty-
eight months at the time of recording. Provided with sufficient time for pr･actice, each Ｓ･ubject is
instructed to produce selected sentences at a comfortable speaking rate and to read:eachﾀﾞsentence
through without unnecessary pausing. S/he is also instructed t０repeat reading the text over again
from the beginning, in the case ofh･aving misread it, until there is no misreadir!g involved. Table
2.1 gives the background of each subject.十　　ｙ　‥　　ト･．し　　　　し　ｌ　　　　　・
･●　　一一　　　　　　　　　　　ト　　　　　　　　･Table 2,1　　　　　　　　　　　　　　　　　　　　　　　犬
subject Ａ
??
stay (mo.)
???
12
Ｂ Ｃ
― ? ― ― ―? ?
? ? ? ? ? ? ? ? ? ? ? ? ? ?
? ? ?
? ?
? ?
? ? ? ? ? ? ? ? ? ? ?
? ?
? ?
? ? ? ? ? ? ? ? ? ? ?
? ? ?
? ? ?
? ? ― ― ? ― ― ― ― ? ? ? ? ? ? ? ?
Ｅ
?
２
Ｆ
－
ｆ
４５
２
　Ｇ
-
ｍ
２３
　２
Ｈ
? ?
? ?
? ? ? ? ? ? ? ? ?
28
Ｉ
－
ｍ
２５
０
Ｊ
???
３
　　　A specimen sentence is selec∃ted from the IPA booklet^^ as the actual utterance to be
evaluated. It reads as f0110ｗＳ:　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ニ
　　　‘Ｔん砂agreed that the one who could make the trc
　　　stranger than the o治政四召ﾌﾞ　∧　　　　　　　　　　　　，　　　　　　　　　　　　　　　　　　ト
The recordings are held in an anechoic room, using ＤＡＴ(ＳＯＮＹＴＣＤ-D10)ａ:nd ＤＡＴ(ＳＯＮＹＤＴ-120)･
The recorded utterances are A/D converted with a sampling frequency of 40kHz to bむanalized.
2｡2　Evaluationし 1　　　　　　・　　･･　　　　　　　　　I. ･｡
　　　　In order to rank ｅａむh subject's utterance according to the degree of‘naturalness' of English,
the evaluation test is given to nine native speakers of English from the U.S.A. These informants are
from Kentucky, California, Texas, New Hampshire, and Vermont. The test is carried out through a
questionnaire･ on which the informants are asked to give intuitive and subjective evaluations of the
readings and put the ten subjects' utterances in a ranked order, from the 'most native-like' to the
‘least native｡like'.　They ａｒｅ〉allowed to listen toトthe tｅχtas many times as necessary. Tableニ2.2
shows the results of the evaluation made by the ｎ叫ｅ native speakers･of English. All the informants
reported normal hearing in both ears. The numeral Ｔ in the Table indi(こates the subject's reading
is evaluated∧the･ ‘most native-like', andヅ10トthe ‘least nativeﾋlike', onﾚa scale of one to t6n13ﾄ
　＼　　The evaluation result has been applied t6‘Cluster･Analysis' (nearest neighbor method) for the
purpose of grouping the ten subjects' utterances, which is shown in Ｆぱし3.2｡
　According to the results shown in Table 2.2, and Fig. 2.2, Subject Ｈ ａ㈲ Ａ are chosen as the
‘most native-like', and Subject ｌ and Ｇ as the ‘least native-like' speakers of the language to be
analyzedよInformant JMf30's utterance is also ａｎａ!yzed to serve as ａ model uttera!ice （fa speaker
of English, so that cross-proficiencial comparison can be made.　Thus, the experimentally analytical
and statistical treatment inトthe following chapter is applied to the utteran･ces of the four, Ｈ，A, and I,
G, out of the ten subjects as the representatives of the two contrastive groups, i.e. the ‘most native-
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GYf 30
JMf30
BLm 20
WKm40
WDm20
LTm20
CSm 20
HYmﾀﾞ30
HYf 20
　　　　　　　コTable 2.2　十　　－　　ぺ
The Evaluation by Native Speakers of Ｅｎ･がish
Ａ
－
５
???????????????
The code for each
Ｂ
－
6
6
7
8
8
6
6
5
7
informant
Ｃ
－１
４
???????????﹇?
Ｄ
－
　２
??
?
??
5
4
3
7
4
indicates
Ｅ
－
8
7
5
2
7
7
5
6
7
Ｆ
－７
??
??
????????????
his/her initials,
G
－
　9
10
10
9
??????
??
??????????
sex and
3
1
2
1
2
2
1
2
2
age
I
－
10
?
??
10
??
??
??
10
　9
group･
　　　　　　　　　　　:　　　▽　Fig. 2.2　　プ　　　　　　‥‥‥‥‥
The Cluster-Analyzed Result of the Evaluation by the Americans
???
???
???
???
???
」｛｝???????????????????????????????
Ｊ
?????????????????
like' ･and the 'least native-like'
3.0　!£χperimental Analysis　　　　ニ　　　　つ　　‥‥‥－　.･　　　　..　　　･･　　　　..　　・.･..　　・・
　　　　Based on the data obtained in the previous chapter, the utterances of the subjects H， Ａ，I, G,
and that of ａ selected native speaker,･N4･are experimentally examined through different parameters
concerning the three major prosodic features.　　尚　　　＼　＼　　　　・ で　･．　　　　　　　■･･　　　■
3ユ　Duration　　　　　　　　　　　　　　‥　＜　　ニレ　　　　　　　　　　　　l
　　　　　Duration,one of the three major prosodic featur叩of English,･has ｂｅ面ﾚ油alyzed concerning
the following parameters : total utterance duration (TUD), totaトunvocalized utterance duration
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(UVD), i皿erstress duration (ISD), mean syllable dリration (SYD), stressed vowel duration (SVD),
voice onset time of voiceless plosive consonants in initial positior!(ＶＯＴ)∧　　　　　　尚
　十I　The stored text･S with a Sa?pling frequency of 40kHz
｡･are
visually ･segmented with the
reference to their wave forms, sound spectrograms･and formant frequencies in a 25-msec. window.
The onset of the vowels is determined to be as where a sharp rise appears in the firstformant, and
the offset as where the formant disappears.　　　　　　　　　　　　　　　　　ト　ノ　　十
３。1.1 TUD & UVD　　　　　　　　　　　　　　　上　　　　　　　　　　　　レ
　　，　After measﾘring TUDs and UVDs, the ratio of the two is obtained in percentage and graphed
out, and is shown ｉｎ･Table 3.1.1 and Fig. 3.1.1.　　∇　　　エ犬　　　　　　ニ
TUD
UVD
UVD/TUD
　Ｎ
一
犬5.29
2.19
41.5%
Table 3.1.1:ＴＵＤ＆ＵＶＤ
　Ｈ
-
6.33
2.86
45」％
A
-
6.64
???
　8
　4
58
I
-
,07
,76
,9％
G
-
6.55
???
The numbers in TUD and UVD are in sec.　The mark, *, indicates that it was unable to be obtained.
???????
Ｎ Ｈ
TUD
Ａ
Ｉ
Fig. 3.1.!
0.60
0.50
0.40
:0.30
0.20
0.10
0.00
Ｇ Ｎ
UVD/TUD Ratio
Ｈ
Ｉ
3｡1.2　ISD
　　　　The durations between stressed vowels are obtained by measuring tねe starting time of the
beginning of each stressed vowel, and are numbered from ｌ to 9 on Table 3.1.2. The content of･each
foot numbered in the issued sentence･is described in the IPA phonetic symbols. The number in the
parentheses shows how many syllables are in ･each ISD.　　　づ　　　　◇　　　　十
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G
-
966.8
一
一606.2
-
617.3
-
497.0
-
396.5
-
112.6
1389
-
256
-
910
７
－
７
－
１
foot number　　∧　　ノ
１(３)‘ｇ･ｒi d　６ト3 t　。６･・
2 (3)‘ｗ丿９･n h ｕ＼ｋ 3 d
3 (2)'m ｅ=ｋ　６･。　　　＋
41(3)Iト［a V 3 I j
5 (2)･t e ｋ　ｔｚ･
6 (1) 'k o t
7 (4)'こ)ｆ・　‥ｗ 3 d　b i k 3 n
8 (2) 's id I d　　　＼
９･(4) 's t r 3りg j S a n･６Ｑ
Table 3.1.2:ISD
-
611.5
-
462.8
-
421.7
-
520.8
-
399.5
-
178.1
-
831.6
-
421｡･7
-
650.1
-
654
-
701
-
439
-
447
-
470
-
152
-
1131
-
747
-
665
４
－
４
一
３
－
７
－
４
－
９
－
５
－
６
－
３
-
890.4
-
707.3
-
408.2
-
557.8
-
428.4一
一
181.4
1184.4∇
一一=-一一-一一一十
∇584.7　1
　　　　●　1
672.0　1
　　l　　　i
1200.3　I
　　　　●･　｜
　880
.4
I
→
580.4　1
　　　　｡.E
△727.4丿
一-一一一一一一一一＋
589.7　1
　　　・　　l
　180.6　1
　　　●　　1
1675.8　1
　一一　　　l
　432.6り
　856.8　1
The numbers are in msec.
3｡1.3　SYD　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　＼
　　　　Based on the data in Table 3.1.2,the means of syllable durations are obtained for each ISD as
is shownしin Table 3.1.3a, and Fig. 3.1.3 shows the change of syllable duration from one ｆｏｏt to
another. The data in Table 3.1.3a is then applied to F-test and f-testａいﾆhe 5% level to see whether
any significant diffむrence can be observed in the five subjects' variables∧ The following can be
concluded from the results of the tests shown in Table 3±3b. As far aS＼syllabification is
concerned, a significant difference can be observed between the native speaker and the non-native
speakers of English一between Ｎ and Ｈ，A, I, G―whereas it cannot be said that there上1Sコasignificant
difference among the four Japanese subjects' data.　　＼　　　　　　　　　上　　△
foot number
１
２
-
3
4
5
6
-７
８
９上
N
-
203.8
-
154.3
-
210.9
-
173.6
-
199.8
-
178.1
-
207.9
-
210.9
一
162.6
Table 3.1.3a: SYD
　　トＨ　　Ｉ　　　Ａ
218
-
233
-
219
-
149
-
235
-
152
-
282
-
373
-
166
Ｉ
－
８
－
７
－２
－２
－９
－９
－８
－３
296.8
-
235.8
-
･204.1･
-
185.9
-
214.2
-
181.4
-
296｡1･
-
292.4
一
168.0
The
-
400.1
-
293.5
290.2
-
242.5
-
294.9
-
180.6
-
419.0
-
216.3
-
214.2
-
322.3
-
202ユ
ー
308､8･
-
165.7
-
198.3
-
112.6
-
347.4
-
128.7
-
227.5
numbers are in msec.
126
　msec.
400.00
350.00
300.00
250.00
200.00
150.00
100.00
　50.00
　0.00
１
Res.
SYD Transition
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Fig. 3.1.3
msec.
450
400
350
300
250
２　　３　４　　５　　６　　７　　８　　９
200
150
100
　50
　0
00
00
00
00
.00
.00
.00
.00
.00
00
SYD Transition
１ ２　．１３。４　５　。６１　７．･８　９
Table 3.1.3.b: Results （jf F-test
Mean (mesc.)
Variable
S.D.
-
189.1
-
434.4
-
20.8
H
-
22･5.8
4459。5
-
66.8
-
230.8
-
24･25.3
-
49.2
-
･283.5
-
5980..0
-
77.3
-
223.7
-
6464.･5
-
80.4
3｡1.4　SVD　　　　　　　　　　　　　　　　　　土　　　　　　犬　　　　　　　　∧
＼　　　The issued sentence in this study includes a total of ten stressed vowels, and each of the
vowels is extracted from each respective foot and its duration ＼ｉＳmeasured. Table 3工4 gives the
measured values and Fig, 3.1.4 visually depicts the durational change of stressed vowels.
Table 3.1.4:SVD
The numbers are in msec.
　msec.
160.00
140.00
120.00
100.00
80.00
60.･00
40.00
20.00
‥0.00
１
127
２ ３
SVD Transition
４　５　６　７　８　９　１０
Fig, 3よ4
　msec.
180.00
160.00
140.00
120.00･
100.00
.80.100
　60.00
　40.00
　20.00
　ト0.00
１
SVD Transition
２　３　４　５　６　７　８　：9　10
　　　　　　　　｡　　　　　　－　■㎜　-=
3｡1.５　VOT　　　　　ソ　　　　　　　　　　　　　　　　　　　　　ト　　　し　∧　　　　　ト
　　　　In order to observe not only vowel durations but also to see how col!sonants are articulated
in each subject's utterance in its durational phase, the three words which hold stop consonants in
their･initialpositions -ﾂﾞcould [kad]ヅtake [teklゾcoat [kot]'―are examinedトActual VOT for each
voiceless stop consonant in it･sinitial position of the word is measured, and the ratio to the duration
of its following vowel is obtained, so that some correlation of the two consecutive phonemes may be
observed. Table 3.1.5 gives the values, which are graphed out i=n Fig. 3.1.5.犬　ト
　　　　　　　　　　　　　　　　　　　　　　　　＼Table3.1.5:VOT　　　　〉　　　〉　　　　　十　＼
VＯＴ（ｍｓ､ｅｃ･）
[klin 'could'
It]in‘take'　ニ
lk］in‘coat'　　＼
VOT/FoUoing Vowel
【k】in‘could'
lt卜ｎ‘take'
【k】in 'coat'
-
36.1
-
84.0
-
59.8
1.07
-
L45
-
0.55
-
29.･3
-
45.9
-
31.8
０
－
０
－
０
94
－
54
－
27
Fig. 3.1.5
　　VOT Duration
msec.　.･
　100 1　　　　　　　　　　　　　　　　　　　..
　90
　80●　　　　　　　　　　　　　　　　　　　　　　　..
/飛
ﾚ
十十　………冨[小“ザ
50　▽　　　　＼　　　　　　　　　　　□lt]in 'take'
40 ∧ ↓十ヶ．;宍才)ﾔj
　30.　　　　　11　ニ　　　　　　し　ヶ･
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3｡2　Pitch　　　　　　　　　　　　　　　　　　　　‥　　　　　　　　上　　　　　　　　　　　　　　　　　I
　　　　First,the overall FO contour form of the entire utterance of the sentence is displayed together
with its wave form for all the five subjects尚as inトFig. S.Za'^^ They were obtained in a 10-sec.
window, with a O-500 Hz time domain ｆｏｒ･theFO plot (lOOHz divisions on the vertical axis),and:with
400-mSecトtime spans (on the horizontal axis) for the wave formsよFundamental frequencies, then,
are examined with regard to the ten stressed vowels extracted in Chaptむｒ 3.1.4. Because of the
differences of pitch ranges of the subjをcts,pitch-ratios are obtained based on the highest and lowest
FO values of each one of the ten vowels, so that the FO transitions within the stressed vowels can be
compared among the five subjects.　Table 3.2 gives values for each Ｊmeasurement (which is gｒ一郎hed
in Fig. 3.2!b)as well as visual figures of FO contours within each vowel.　　　　　　し
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　3.3　Intensity　　　＼‥　･.　∧　　＼.●.　　　　　　　　　　し　　　　　　　　　　　　　　.●
　　　　　Intensityis examined in terms of amplitude in volts for each of the te!1stressed vowels as in
§3.2, and is shown犬in Table 3.3 and Fig. 3.3.　　　　　　　　　:　　　　　　十　　　　　　　　　　＼
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Table 3.3: Amplitude
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4.0　Discussion　　　　　　　　　　　　　　　　　　　　犬　　　　　　　　　　　　ト
　　　　Iト1!as been generally noted that Japanese speakers of English find it rather difficult to
pronounc･ｅ unstressed syllables with shorter durationsしthan stressed ones.･　Itis this inability of
controlling the durations of syllables, depending on whether they are to be stressed or not, that most
likely contributes to the increase in the interstress durations, in addition to the tendency toward
having longer pauses in the･utterance.　Although longer duration is not ･the sole factor for the native
speaker of English to give 'non-native-like'judgement^^, listeners are influenced by the durational
patterns of voicing and/or syllables.　＼十　　　･.　　　　　　　　　　　.．
　　　　The present study has revealed that theヅmost native-like' speakers, as well as thむnative
speaker of English referred to as the model utterance, showed compression effects in the feet with
different numbers of syllables.　This can be seen in the transitions of feet numbered 6ﾜ一8 in Fig.
3.1.4, whose numbers of syllables are 卜4-2, respectively……As for the ‘native-like' and native
speakをrs, the stressed vowel duration numbered 7，which has four syllables, does not incr･ease
sharply when compared with the preceding ones, each of which consists of a single syllable. ０ｎ the
contrary, extremely sharp gradients can be most contrastive, in the transitions of the‘least native-
like' speakers between the two consecutive vowels. The same is observed in the transitions
between the stressed vowels numbered 7 and 8，although the direction of the gradients is opposite.
The data can be interpreted such that the .‘native-likeﾀﾞspeakersattempt to reduce the duration of the
foot numbered 7 by pronouncing the stressed vowel with much shorter duration, so that the total
duration of the foot would not be too longト　　　　犬　　　　　∧　　　　　し　　　　　　　＝
　　　　What, then, differentiates the Japanese most‘native-like'speakers of English from the native
speaker of the language ｉＳ↓asshown in the transitions of the］feetnumbered the same, the native
shows ａgreater compression effect than the Japanese speakers by keeping more equal mean syllable
1｡
2.
3.
4.
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durations so that‘psychologiむal:isochrony' is likely to be preservedレＪt皿ay be｡said that the degree
of this °compensatory effect is, in SO!neぺway, one of the factoりto affect theごdifferences of‘native:-like'
jリdgeraents between the native speakers of ･English and of J:apineらj6………＼/ﾉ･･･.　.･＼　　　‥‥‥　‥‥
　　　Also, it has been reported that narrow pitch ｒａr!geis Ｏ皿ｅof the factors of‘unnaturalness' of
English.　Accordi昭to FO contoursｹﾞof the subjects, Subject A maintained the widest pitch range
from the beginning to the end, followed by Subjects N 卸d H with moderate range,トand Subject G and
I, the narrc west. Since pitch range ･differs from person to person, howev･eｒ√pitch:ratio within each
individual was used for comparison. Fig. 3.2 appears to offer the greatest differentiation of the two
groups,‘native/native-like' and ‘ｎｏｎごnative-like'レThe limited data obtained in this study indicates
that pitch may be the greatest contributor of all the prosodic parameters involved in this studyト
The three peaks in Subject Ｇ'S utterance can ｂｅ＼due to pitch accent of his皿ative language, Japanむse.
Both Subject l 即d G'S pronunciation of the stressed vowel numbered ＼5 with extremely hi油
frequency may indicateﾄsome correlation with VOT of its preceding voiceless stop‘consonant, [t]･
Further experiments in more detailed parameters are necessary to come tｏﾆa definite conclusiぐ)ｎon
the matter.　　　　　　　　:　上　　　　　　　　　　　　　　　　　　　　　　　　　　　　　犬
　　　In their experiments with synthesizing and parameter-exchanging methods, Suzuki, Ohyama
皿d Kiritani(1989) report that intensity has the least effect of the three principalﾚprosodic features
Ｏr!‘naturalness' of English. However, as far as the amplitudes of stressed vowels in the issued
sentence are concerned, it seems that ａ certain ｃｏｎ!mon inclination can be observed in the utterances
of the nativeトand ‘native-like', which are quite different from the ones of the ‘non-native-like'. It
would be worth continuing t(j search for more determinant parameters within ‘intensity',:from
different phases and methods, even though it 1S true that intensity least contributes to the degree of
how English-like an utterance can sound･◇A11 judgements of the parameters of the three prosodic
features, in natural speech, ０ｒrather stress in English, depend on the complicated interaction of a
number of cues.　　　　　　　　　｀I　　　犬　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　‥
5｡0 Conclusion
　　　　　Ｔｈむabove-mentioned discuss･ion remains in need of further empirical validation.･　A definitive
conclusion on the data obtained in this study must also remain tentative until such time as these and
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　I　　　　　　I■　　　■”　・　　　　　　　　　・
other fundamentally interrelated issues are more clearly understood. At present, what can be
concluded is that there appear to be language-dependent differences at ｍﾘlti-dimむnsional levels in
sound cognition as function of a language, and that these differences, in turn, seem to be a function
of the phonetic structure of the language per se.　:Further clarification on the relationships amongst
phonetic features must await substantiationレand it would be of value to rep!icate the present study
with different, narrower samples of more subjects and informants.　　　　　　　　　十　　　　ニ
　　　　ニ　　　　　　　　　　　　　　　　　NOTES　　　　　　　　　　　上　　　　　＼
Bowen (1975),χiilχ111　　　十　　　　　　　　　＼　　　　犬　　　　　　　　　　　　　　　I　　　j
Suzuki, Ohyama, and Kiritani (1989, 1990)　　　∧　　　　　　十　十　し　...･..　.・　　　・.　.･.
Lehiste (1970), p3　　　　　　　　　　　　　　　　　　＼ ……………
The term‘loudness', used as one of the three prosodic features of English, should be clearly distinguished
from other terms implying similar content, such ａｓグ叫tensity' and ‘amplitudeじLoudnessくis the
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subjective property of a sound that is iiiostdirectly related to intensity, which is a physical characteristic
ofSOUnd.・Intensity differs from amplitude in the sense that the amplitude (jf a wave does not depend on
the frequency of the wave whereas intensity does."(Lehiste, 1970, pll2, and pi 15)　し　ニ
　　“The acoustic correlate of loudness is intensity or the amount of energy which is present in ａ sound ｏｒ'
sequence of sounds, variations in the ぱessure of air coming ｆｒｏ?thelung｡　…the rりlation織ip of absolute
intensity to perceived∧loudness is by no means linear (ａ sound has to be much more than doubled in
absolute intensity before it will be heard･べ1S twice as lou･d).(Cruttenden, 1986, p3)　Jニ　　　　　　　I
Cruttenden, (1986), p2ニ　　し　し　・・．･･．．　　　　　　　　　　・．　　･･　　．＝　レ=＼　ニ
He notes that what is important is not the magnitude of the frequency change,トbut the fact that a frequency
change has taken place, or rather, not how much FO-change is made ｂｕレwhether FO changed or not.
7，　Pike (1945), Price (1980), Hoequist (1983b), Kiritani (1989)　＼　　　　／　　　　　∇－　し
8. Bolinger (1965), Lehiste (1977)√Hoequisリ1983b)　　　　　　　　ノ　　　犬　　　　犬
9. This has been experimむntaily proved in this study.　　　　　　　‥　　　　　　　〉　　　　　ニ
犬
10. Lehiste (1970, p61けemarks on this matter as ｆ０１１０ＷＳ:The relative aperiodicity of sound waves produced
　at the glottis seems to contribute to the naturalness of many samples of synthesized speech may be due to
　　the excessive regu!arity of･the FO generator.十　　..･　　　　　ニ　　　　　　　　＜犬　ニ
11.　Hoequist (1983a), Cooper (1986), Fowler et a1.(1988), Howel! (1988a, 1988b)
12. International Phonetic association (1949), p21
13. Informants were asked not to overlap the ratings for different subjects.　　　　　十　　　　　∧
14にFOむontours listed here are shown in a 10-sec. window.　　　　　　　　　　　‥　　▽ト
15, The English-like evaluation is also made by 138 Japanese college students. Unlike the native speakers of
　　English, native Japanese speakers ･put･much .ねigherimportance ･on TUD. This m町have been･one of the
　　crucialﾚreasons why the Japanese informants, freshmen/sophomore college students, rated Subject Ｇ as
　　well as D，Ｈ and Ａ ａＳグnative-like'.　The following gives the TUDs of all the subjects ｉｎ｡the order of
　　shorter durations.　　　　　　　　　　　　　　　　.･　　　　　　　　　　　　　　　　　　　　　　　　一一
５ 5.2りづ　6.33
　　　　　　　　　Table 3.1.2: ISD
　　　　l　　　　l　　　　　l･C　j A 上上Ｇ　Ｉ　し
6.48 1　6.64づ　6.65 1　6.85
　　　　｜●　　　　l　　　　i
7.51 8.07
８ 1　9.43･(sec.)
16. The Japanese informants rated the subjects, Ｈ and Ｇ，as approχimately the same degree of‘native･
犬likeness' while the American informants ranked Subjects H‘most native･like' and Subject Ｇ‘least native-
　　　like'without hesitation. This seems to indicates that the native Spりakers:of English can auditorily
　　　recognize･the presence of the compression effectin Subject Ｈ’Ｓutterancを(but not in Subject G's) and give
　　　creditto its existence,:whereas the Japanese informants either can not perceive such effect in utterances
　　トor do not perceive it as meaningful.　　　　く　　　　　　　　　　　　十　　　　　　Ｉ＼
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